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PREFACE 
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report  does  not  constitute  an  official  endorsement  of  any  commer¬ 
cial  products.  This  report  may  not  be  cited  for  purposes  of 
advertisement . 

Reproduction  of  this  document  in  whole  or  in  part  is 
prohibited  except  with  permission  of  the  Commander,  U.S.  Army 
Chemical  Research,  Development  and  Engineering  Center,  ATTN: 
SMCCR-SPS-T,  Aberdeen  Proving  Ground,  MD  21010-5423.  However, 
the  Defense  Technical  Information  Center  and  the  National 
Technical  Information  Service  are  authorized  to  reproduce  the 
doc^lment  for  U.S.  Government  purposes. 

This  report  has  been  approved  for  release  to  the 
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MEASUREMENT  OF  A  MICHELSON  INTERFEROMETER  MIRROR  VELOCITY 
WITH  A  TIME  INTERVAL  ANALYZER 


1 .  INTRODUCTION 

Time  interval  analyzers  (TIA)  provide  a  means  to 
characterize  a  wide  variety  of  rapidly  changing  signals.^  A  TIA 
is  used  to  monitor  an  indexing  helium-neon  (HeNe)  laser  signal 
from  a  Michelson  interferometer.  The  indexing  HeNe  laser  signal 
is  available  from  the  servo  mirror  velocity  control  circuitry  of 
a  Michelson  Interferometer.  Most  commercial  Fourier  transform 
infrared  (FTIR)  spectrometers  implement  the  Michelson  inter¬ 
ferometer  design  and  use  an  indexing  HeNe  laser  reference  in 
control  of  mirror  velocity. 

The  Michelson  Interferometer  is  constructed  using  an 
optical  beamsplitter,  f.^xed  mirror,  and  movable  mirror 
(Figure  1).  The  incoming  IR  radiation  (i.e.,  2.5-25  pm 
wavelength)  is  divided  into  two  optical  paths  at  the 
beamsplitter.  The  beamsplitter  is  positioned  at  a  45*  angle  to 
the  input  xadiation.  Each  optical  path  contains  50%  of  the  total 
IR  energy.  One  path  is  to  the  fixed  mirror,  while  the  second 
optical  path  is  to  the  movable  mirror.  After  , reflection  from  the 
fixed  and  movable  mirrors,  the  IR  radiation  returns  to  be 
recombined  at  the  beamsplitter.  This  generates  an  interference 
pattern.  The  IR  photodetector  is  exposed  to  this  pattern.  The 
pattern  is  modulated  by  the  relative  positions  of  the  fixed  and 
movable  mirrors  to  the  beamsplitter.  Monochromatic  light 
generated  by  the  HeNe  laser  transverses  a  parallel  optical  path 
to  the  IR  radiation.  A  visible  light  photodetector  receives  the 
modulated  monochromatic  HeNe  laser  light  (i.e.,  laser  fringes). 
The  photodetector  converts  the  laser  fringes  into  a  sinusoidal 
reference  signal.  Selected  zero  crossing  of  the  sinusoidal 
reference  signal  allows  the  IR  interference  pattern  to  be  sampled 
at  equally  spaced  and  well-defined  mirror  positions. 

Variation  in  the  movable  mirror  velocity  by  as  little 
as  ±2%  can  result  in  a  significant  mirror  position  sampling 
error.  This  sampling  error  degrades  the  signal-to-noise  ratio 
(SNR)  of  the  acquired  IR  spectrum.^  For  a  sufficiently  high  SNR, 
the  FTIR  spectrometer  permits  identification  and  quantification 
of  a  wide  variety  of  materials.  Decrease  in  the  SNR  becomes 
important  since  this  lowers  the  ability  of  the  spectrometer  to 
detect  the  material  of  interest.  The  purpose  of  this  article  is 
to  present  a  TIA  capable  of  measuring  the  mirror  velocity  of  a 
Michelson  Interferometer  and  any  velocity  variations  within  a 
single  mirror  scan. 
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Figure  1.  Elements  of  a  Fourier  Transform  Infrared  (FTIR) 
Spectrometer 


2.  TIA  DESCRIPTION 

The  TIA  is  composed  of  three  parts:  a  time  interval 
counter  (TIC)  circuit,  an  interval  counter  buffer  memory  (ICBM) 
circuit,  and  a  program  called  TICOUNT.  The  TIC  circuit  times  the 
intervals  between  data  sampling  points.  The  data  sampling  points 
are  obtained  from  selected  zero  crossing  of  the  HeNe  laser  refer¬ 
ence  signal.  The  ICBM  circuit  saves  the  time  interval  counts  in 
a  buffer  memory  and  interfaces  that  buffer  memory  to  the  IBM/PC- 
XT  bus.  The  TICOUNT  program  reads  and  analyzes  the  data 
contents  of  the  memory  buffer.  This  analysis  determines  the 
average  time  interval  count  (tic)  and  the  variations  from  the 
average  time  interval. 


The  TIC  circuit  measures  the  duration  of  both  the  high 
and  low  intervals  of  a  digital  signal.  A  comparator  converts  the 
sinusoidal  laser  reference  signal  into  the  digital  laser  refer¬ 
ence  (DLR)  signal  (i.e.,  square  wave).  Duration  of  the  high  or 
low  DLR  signal  provides  a  means  to  measure  the  mirror  velocity 
over  the  entire  movable  mirror  displacement  in  the  Michelson 
Interferometer.  Acquisition  of  the  interval  counts  for  succes¬ 
sive  high  and  low  Intervals  in  the  DLR  signal  permits  evaluation 
of  the  interferometer  mirror  velocity  variation  during  each 
mirror  scan.  For  this  evaluation,  reciprocal  counters,  which 
measure  only  the  average  period  of  many  cycles,  cannot  determine 
the  position  of  velocity  errors  within  a  single  mirror  scan.^ 
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The  TIC  circuit  consists  of  a  crystal  oscillator¬ 
generated  time  base,  digital  transition  detector,  and  counters 
with  latched  outputs.  Figure  2  is  a  schematic  of  the  TIC 
circuitry.  The  crystal  oscillator,  IC_6A,  generates  a 
67.7576  MHz  time  base  reference.  The  oscillator  drives  the  clock 
inputs  of  the  ICIA  data  flip  flops.  The  IC  2A  flip  flops  along 
with  the  gating  of  IC_5A  permits  detection  of  either  a  high-to- 
low  or  a  low-to-hlgh  transition  of  the  DLR  signal.  Detection  of 
a  transition  is  only  possible,  when  the  status  signal  ( SSTAT )  is 
an  active  high.  Figure  3  illustrates  the  operation  of  the 
digital  transition  detector.  A  low-to-high  transition  on  the 
DLR  signal  line  produces  an  active  low  pulse  on  the  LEAD  signal 
line,  while  a  high-to-low  DLR  signal  transition  gives  an  active 
low  pulse  on  the  TRAIL  signal  line.  The  HI  and  LOW  outputs  of 
IC_2A,  which  track  the  DLR  signal  are  toggled  by  the  LEAD  and 
TRAIL  signals.  The  signals  HI,  LOW,  LEAD  and  TRAIL  coordinate 
the  initialization,  enabling  and  latching  of  the  16  bit  binary  up 
counters,  which  characterize  the  DLR  signal.  The  74F269  eight 
bit  counters  are  cascaded  to  obtain  the  16  bit  binary  up  count 
for  either  the  low  interval  period  (IC_13A,  IC_7B)  or  the  high 
interval  period  (IC_9A,  IC_11A)  of  the  DLR  signal.  These  16  bit 
up  counters  are  latched  into  the  74F374  octal  latches  (i.e., 
IC_10A,  IC_12A  high  interval  count  and  IC8B,  IC-14A  low  interval 
count).  The  FAST  series  logic  is  selected  for  speed,  high  drive, 
and  low  noise  characteristics.* 

The  timing  diagram  in  Figure  3  shows  the  sequence  of 
events  that  occur  during  the  time  interval  measurement  with  the 
TIC  circuit.  The  hlgh-to-low  transition  of  the  LEAD  signal 
occurs  on  the  first  positive  oscillator  clock  transition  after 
the  DLR  signal  becomes  an  active  high.  The  high-to-low 
transition  on  LEAD  parallel  loads  zeros  into  the  high  interval 
counters  IC_9A  and  IC_11A.  The  low-to-high  transition  on  LEAD 
enables  the  high  interval  counter  for  counting  and  latches  the 
value  of  the  low  Interval  counters.  High  interval  counting 
continues  until  the  high-to-low  transition  of  the  TRAIL  signal. 
The  high-to-low  transition  on  the  TRAIL  signal  parallel  loads 
zeros  into  the  low  interval  counters  IC_13A  and  IC_7B.  The 
low-to-high  transition  on  the  TRAIL  signal  enables  the  low 
interval  counters  for  counting  and  latches  the  value  from  the 
high  interval  counters.  The  asynchronous  relation  between  the 
DLR  signal  and  the  time  oscillator  time  clock  base  permits  an 
interval  count  error,  which  is  inherently  less  than  two 
oscillator  clock  periods.  Gating  the  counter  clock  inputs  with 
the  terminal  count  from  the  most  significant  8  bit  counters 
prevents  erroneous  counts  due  to  counter  roll  over.  Recording 
each  interval  count  without  loss  requires  an  ICBM  circuit. 
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Figure  2.  Electronic  Wiring  Diagram  of  the  TIC  Circuit 


Oscillator 

Clock 


Timing  Diagram  Showing  Relationship  Between  the  TIC  Circuit  Control  Signals 


2.2 


ICBM  Circuit. 


The  ICBM  circuit  performs  two  functions.  First,  the 
ICBM  circuit  records  up  to  4096  consecutive  interval  counts  for 
both  the  high  and  low  time  intervals-  Second,  an  interface  to 
the  IBM/PC-XT  bus  permits  loading  the  tic  into  the  computer. 

This  design  eliminates  the  possible  loss  of  tic  and  permits 
access  to  interval  counts  upon  occurrence. 

The  ICBM  circuit  schematic  is  shown  in  Figure  4.  The 
four  IDT7204  First-In/First-Out  (FIFO)  memory  integrated  circuits 
(IC)  provide  a  memory  buffer  for  both  high  and  low  intexrval 
covints.  Each  FIFO  memory  IC  is  configured  as  4096  nine  bit 
words.  The  high  and  low  interval  counter  latches  are  connected 
to  the  FIFO  data  Inputs.  FIFO  IC_5B  and  IC_3B  are  arranged  to 
contain  the  high  interval  counts,  while  FIFO  IC_6B  and  IC_4B  hold 
the  low  interval  counts.  The  TIC  circuit  control  signals  of  LOW 
and  HI  write  the  respective  low  and  high  Interval  counts  from  the 
octal  latches  in  FIFO  memory.  Each  FIFO  requires  pin  7,  the 
expansion  in  (^},  to  be  grounded  and  pin  23,  the  first 
load/retransmit  (FL/^)  input  to  be  tied  at  +5  V.  A  ground 
on  the  ^  input  places  the  FIFO  in  the  single  device  operation 
mode.  A  low  pulse  on  the  FL/KV  input  sets  the  Internal  FIFO  read 
pointer  to  the  first  memory  location  but  does  not  affect  the  FIFO 
write  pointer.  Therefore,  a  connection  of  +5  V  to  the  FL/RT 
input  avoids  a  request  to  retransmit  the  FIFO  contents  when  in 
the  single  device  operation  mode.  The  ICBM  circuit  provides  the 
FIFO  full  or  empty  status  outputs  to  the  IBM/PC  through  an  octal 
buffer  IC_8A.  An  active  FIFO  full  flag  (FF)  output  inhibits 
further  write  operations.  The  FF  can  also  Indicate  the  absence 
of  data  reads  by  the  IBM/PC.  An  active  FIFO  empty  flag  (EF) 
output  occurs  after  the  FIFO  contents  are  completely  read  or  a 
reset  is  performed. 

Input/Output  (I/O)  addressing  by  the  IBM/PC  permits 
reset,  status  check,  and  data  content  read  operations  for  each 
FIFO.  The  programmable  array  logic  (PAL)  device,  IC_7A  (i.e., 
PAL16L8}  decodes  the  lower  4  address  bits  during  the  appropriate 
device  select  signal.  The  PAL  assigns  individual  I/O  addresses 
to  each  I/O  device.  The  device  select  signal  to  the  PAL  is 
provided  by  the  JDR  PR-2  (JDR  Microdevices;  Los  Gatos,  CA) 
IBM/PC-XT  bus  prototype  card  on  which  the  TIC  and  ICBM  circuits 
are  constructed.  The  prototype  card  generates  eight  device 
select  signals  from  the  lower  10  address  bus  bits  and  the  I/O  bus 
control  signals.  The  base  address  of  300  hexadecimal  is  selected 
since  it  is  reserved  for  prototype  card  design  development.  The 
card  provides  a  bidirectional  connection  to  the  data  bus  through 
an  octal  bus  transceiver  (i.e.,  74LS245).  Loading  the  Interval 
counts  from  FIFO  memory  into  the  IBM/PC  via  the  data  bus  requires 
the  program  described  in  the  next  section. 
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Figure  4.  Electronic  Wiring  Diagram  of  the  ICBM  Circuit 


2.3 


TICQUm . Program. 


The  TICOUNT  program  performs  three  tasks.  First,  the 
program  Insures  the  proper  collection  of  the  tic.  Second,  the 
program  transfers  data  from  the  ICBM  circuit  to  the  IBM/PC. 

Third,  the  program  performs  a  statistical  analysis  of  the  tic 
collected.  These  tasks  are  outlined  in  Figures  5a  and  5b. 

The  TICOUNT  program  avoids  improper  collection  of  the 
time  interval  counts  by  monitoring  a  status  register  containing 
the  SSTAT  signal.  Input  port  306  hexadecimal  identifies  the 
status  register  that  contains  the  SSTAT  signal.  The  interferom¬ 
eter  generates  the  SSTAT  signal  for  each  mirror  scan.  An  active 
SSTAT  signal  <l.e.,  lo^ic  1}  indicates  when  the  DLR  signal  is 
valid.  Monitoring  the  SSTAT  signal  permits  determination  of  the 
beginning  of  each  interferometer  mirror  scan.  The  FIFO  memories 
are  reset  until  a  valid  SSTAT  signal  is  received.  Addressing 
I/O  port  304  hexadecimal  resets  the  FIFO  memory.  This  sets  the 
inteinial  FIFO  read/write  pointers  to  the  first  memory  location. 
Time  interval  count  collection  begins  after  a  transition  of  the 
SSTAT  signal  from  low  to  high.  A  total  of  8192  sixteen  bit 
interval  counts  can  be  written  into  the  FIFO  memory  with  the 
present  configuration. 

Once  the  FIFO  memory  is  loaded  with  the  first  tic,  the 
program  begins  reading  the  counts  into  the  IBM/PC.  The 
consecutive  list  of  input  port  hexadecimal  values  from  300  to  303 
are  assigned  to  the  FIFO  memory.  The  low  and  high  bytes  of  the 
16  bit  low  interval  counts  are  located  at  input  ports  300  and 
301,  respectively.  The  low  and  high  bytes  of  the  16  bit  low 
Interval  counts  reside  at  input  ports  302  and  303,  respectively. 
Each  interval  count  must  be  read  before  a  time-out  condition 
occurs.  Occurrence  of  the  time-out  during  the  C  program 
execution  in  program  listing  1  (Appendix  A)  results  in  an  error 
message.  If  a  time-out  does  not  occur,  then  the  FIFO  memoiY  is 
read  until  the  FIFO  register  indicates  empty.  The  FIFO  status 
register  indicates  the  empty  and  full  flags  condition  at  input 
port  305  hexadecimal.  The  FIFO  status  register  holds  a 
hexadecimal  value  of  OF  after  all  interval  counts  have  been  read. 

After  the  time  interval  counts  for  a  mirror  scan  are 
loaded  into  the  IBM/PC  memory,  the  third  TICOUNT  program  task 
begins.  Analysis  of  the  tic  collected  can  be  performed.  The  two 
finite  sample  size  statistics  of  average  and  best  estimate  of  the 
standard  error  serve  to  represent  the  collection  of  time  interval 
counts  over  one  interferometer  mirror  scan.  Two  implicit 
assumptions  are  made  in  calculating  the  tic  average  and  its 
variation.  First,  the  error  associated  with  the  method  of  time 
interval  measurement  is  negligible  compared  to  the  inherent 
variation  in  the  time  intervals.  Second,  a  Gaussian  distribution 
of  the  tic  is  present.  The  average  tic  represents  the  best 
estimate  of  the  mean  mirror  velocity  over  one  complete  mirror 
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Figure  5a.  The  Program  TICOUNT.C  Reads  Each  Time  Interval  Count 
(tic)  Very  Rapidly  from  the  ICBM  Circuit.  TICOUNT.C 
also  Permits  storage  of  the  tic  values  on  disk 
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TICOUNT.BAS 


^AUD^ 

J5STAT? 


INITIALIZE  FIFO  MEMORY 
BUFFER  CONTENTS  AND 
COUNTERS 


'VAUD^ 

vSSTAT?. 


EXIT 


Figure  5b. 


The  Program  TICOUNT.BAS  Reads  Each  tic  from  the  ICBM 
Circuit  and  Performs  an  Analysis  on  the  tic  Values 
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scan.  The  difference  of  the  individual  tic  from  the  average 
count  (l.e.,  residual  count  value)  permits  calculation  of  mirror 
velocity  variation  over  the  mirror  scan  length.  The  residual 
count  values  are  used  to  calculate  the  best  estimate  of  the 
standard  error  ( BESE ) .  The  TICOUNT  flow  chart  in  Figure  5 
outlines  the  procedure  for  calculation  of  the  BESE.  Program 
Listing  2  (Appendix  B)  lines  5000  to  5640,  perform  the 
statistical  analysis  in  Basic.  Upon  completion  of  the 
statistical  analysis,  the  TICOUNT  program  allows  the  user  to  save 
or  print  the  tic  and  associated  analysis. 


3 .  CIRCUIT  ASSEMBLY 

The  TIC  and  ICBM  circuits  are  constructed  on  the 
perforated  wire  wrap  portion  of  the  prototype  card  (JOR 
Microdevices).  The  address,  data,  and  control  signal 
buffering/decoding  are  provided  on  the  printed  circuit  board 
(PCB)  portion  of  the  prototype  card  (i.e.,  JDR  PR-2  card).®  The 
JDR  PR-2  card  contains  a  power/ground  distribution  grid  on  the 
wire  wrap  portion  of  the  card  for  electromagnetic  interference 
•(EMI)  suppression.  The  decoupling  capacitors  Cl  through  CIO  are 
soldered  to  the  power/ground  distribution  g;  Id  with  Vector 
T44  wire  wrap  pins.  Integrated  circuit  power  supply  connections 
are  made  with  wire  wrap  to  the  decoupling  capacitor  wire  wrap 
ports.®  Component  placement  on  the  JDR  PR- 2  board  is  shown  in 
Figures  6a  and  6b.  The  PCB  portion  of  the  JDR  PR- 2  board  is 
located  immediately  above  the  bus  edge  connector.  This  portion 
of  the  JDR  PR-2  board  is  populated  with  integrated  circuits  ICl 
through  IC7.  The  resistors,  RP1-RP4,  and  capacitors,  CP1-CP7, 
are  also  located  on  the  PCB  portion  of  the  prototype  board  along 
with  a  4  position  SPST  switch,  SW.  Any  integrated  circuit 
designation  with  a  letter  suffix  refers  to  the  TIC  or  ICBM 
circuitry.  The  subminiature  series  A  (SMA)  coaxial  connectors, 
in  the  upper  right  hand  corner  of  Figure  6a  offer  a  compact  input 
of  the  SSTAT  and  DLR  interferometric  signals  to  the  prototype 
card.  Table  1  lists  and  describes  the  components  necessary  for 
the  TIA  circuit  construction. 


4.  TIME  INTERVAL  MEASUREMENTS 

The  time  interval  measurements  that  are  made  with  the 
TIA  permit  the  incremental  determination  of  the  interferometer 
mirror  velocity.  Correct  operation  of  the  TIA  circuitry  is 
tested  with  the  input  of  known  time  intervals.  These  time 
intervals  are  synthesized  with  a  signal  simulator.  Once  the 
TIA  operation  is  validated  with  the  signal  simulator,  the 
TIA  circuitry  is  connected  to  the  interferometric  SSTAT  and 
DLR  signals.  The  tic  are  collected  for  the  DLR  signal  over  one 
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Figure  6a.  Top  View  from  the  Component  Side  of  the  Prototype  Circuit  Board,  which  Shows 
Component  Placement  on  the  IBM-PC  Compatible  Circuit  Card 
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Table  1.  Circuit  Component  Values  and  Descriptions 


IC  # 

Description 

Power  Supply 

Pin  Connections 
+5  V  GND 

1A,2A 

74F74,  Dual  Data  Flip  Flop 

14 

7 

3A,  7 

74LS08,  Quad  AND  Gates 

14 

7 

4A 

74F04,  Hex  Inverters 

14 

7 

5A 

74F00,  Quad  NAND  Gates 

14 

7 

6A 

F3000,  FOX  67.73760  MHz  TTL 

Oscillator 

14 

7 

7A 

PAL16L8,  combinatorial  program- 

mable  array  logic  device 

20 

10 

8A,1B 

74LS244,  octal  buffer 

20 

10 

2,  3 

74LS244,  octal  buffer 

20 

10 

9A,11A 

74F269,  8  bit  counter 

19 

7 

13A,7B 

74F269,  8  bit  counter 

19 

7 

10A,12A 

74F374,  octal  latch/buffer 

20 

10 

14A,8B 

74F374,  octal  latch/buffer 

20 

10 

3B,4B 

IDT7204L,  FIFO  Memory  4096X9  bit 

28 

14 

5B,6B 

IDT7204L,  FIFO  Memory  4096X9  bit 

28 

14 

1 

74IiS245,  octal  bus  transceiver 

20 

10 

4 

74LS00,  Quad  NANO  gates 

14 

7 

5 

74LS138,  3  to  8  Line  Decoder 

16 

8 

6 

74LS08,  Quad  AND  gates 

14 

7 

Capacitance 

Resistance 

Capacitor 

Value  in  pf  Resistor 

Value  in  Kohm 

Cl-ClO 

0.01  RP1-RP4 

4.7 

CPI -CPS 

0.01 

CP6&CP7 

10.00 

Other  Components 

SW 

4  position  SPST  switch 

SMAl,  SMA2  right  angle  PCB  coaxial  receptacle 
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mirror  scan.  These  counts  are  used  to  calculate  the  interferom¬ 
eter  mirror  velocity.  Comparison  of  the  tic  that  are  collected 
for  sequential  mirror  scans  shows  any  repeatable  mirror  velocity 
behavior. 


Accurate  TIA  operation  is  demonstrated  with  an  inter¬ 
ferometer  signal  simulator.  A  polynomial  waveform  synthesizer  (PWS) 
and  monostable  circuit  permit  simulation  of  the  interferometric 
SSTAT  and  DLR  signals.  These  simulated  signals  verify  that  the 
TIA  is  operating  properly.  A  block  diagram  of  the  inter¬ 
ferometer  simulator  is  shown  in  Figure  7.  A  monostable  circuit 
with  a  time  constant  of  approximately  100  ms  generates  the  valid 
data  flag  (i.e.,  SSTAT  signal),  which  triggers  the  PWS.  The  +5  V 
and  10  KHz^  wave  configuration  for  the  PWS  (Figure  7  selected 
settings)  produces  a  gated  OLR  signal  similar  to  the 
Interferometer  sampling  signal.^  For  a  -fS  V  and  10  KHz^  wave, 
the  tic  is  calculated  from  the  ratio  of  100  ps/14. 76285  ns  and  is 
found  to  be  3386.89  counts.  The  average  tic  of  3386.96  is 
obtained  from  the  TIA  with  a  BESE  of**  0.40.  A  count  of  3387  is 
most  probable  since  only  an  Integer  number  of  counts  are 
recorded.  A  plot  of  the  individual  tic  variation  from  the 
average  interval  count  of  3386.96  is  shown  in  Figure  8a.  The 
largest  residuals  occur  in  the  first  100  tic  (Figure  8b).  An 
overall  residual  variation  of  6  counts  is  still  within  the  error 
of  the  lOOA  ns  clock  increment  generated  by  the  PWS  (e.g., 

100  ns/14.76285  ns  ■  6.8  counts).  The  distribution  of  the  tic 
that  are  obtained  from  the  PWS,  is  shown  in  Figure  9.  The 
interval  counts  responsible  for  the  6 -count  variation  in  the  PWS 
data  constitutes  only  1%  of  the  interval  count  data.  The 
residuals  within  1  count  from  the  average  interval  count  comprise 
about  9%  of  the  interval  count  population.  The  remaining  -  90%  of 
the  tic  population  occur  at  an  interval  count  of  3387.  The  TIA 
gives  an  average  interval  count  for  the  simulated  DLR  signal  that 
is  with  0.002%  of  the  predicted  interval  count.  The  predicted 
count  also  falls  within  the  ±0.01%  variation  that  is  calculated 
from  the  BESE  of  the  tic  population.  Clearly,  the  analysis  of 
the  10  KHz  simulated  OLR  signal  indicates  that  the  TIA 
performance  is  adequate  for  measuring  the  time  intervals 
associated  with  an  interferometer  sampling  at  10  KHz. 
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KISIDIIALS 


(THOUSANDS) 

INTERVAL  COUNT  POSITION 


Figure  8a,  The  tic  Variation  for  a  10-kHz  Simulated  Digital 
Laser  Reference  Signal  with  -100  ms  Duration 


INTERVAL  COUNT  POSITION 

Figure  8b.  The  Largest  Variation  in  the  Simulated  Digital  Laser 
Reference  Signal  Occurs  During  the  First  0.5  ms 


Figure  9.  Distribution  of  tic  from  the  Interferometer  Signal 
Simulator.  The  average  and  +BESE  are  3389.96  and 
+0.40,  respectively. 


The  tic  from  the  interferometric  DLR  signal  are 
summarized  in  Figures  10  and  11.  The  average  tic  of  a  single 
interferometer  mirror  scan  is  3354  with  a  BESE  of  +19.  The 
variation  from  the  average  tic  is  shown  in  Figure  Toa  as  a  plot 
of  the  residuals  versus  the  tic  position.  This  residual  plot 
shows  a  sinusoidal  behavior,  which  is  expected  for  a  servo  mirror 
controller  attempting  to  maintain  a  constant  mirror  velocity  over 
the  mirror  scan.  Figure  10b  is  an  expanded  view  of  the  residuals 
from  the  Interval  count  positions  200  to  350.  The  largest 
positive  residual  occurs  at  an  interval  count  location  of  254. 

The  relationship  between  the  tic  and  mirror  velocity  is  given  by 
equation  1. 


where 


u  (cm/s)  «  jSI  (cm) /{tic  *  toe 

(s)]  1  /2 

u 

»  mirror  velocity,  cm/s 

SI 

«  sampling  interval,  cm 
[2*632.8(10*’)  m*100  cm/m] 

tic 

»  average  time  interval  count 

,  counts 

toe 

*  time  of  oscillator  clock,  s 
[67. 7576(10«)H^14. 76285  ns] 

(1) 
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UKSIDUALS 


70 


fTHOUSANDS) 

INTERVAL  COUNT  POSITION 


Figure  10a,  Variation  of  the  Interferometric  DLR  Signal  Plotted 
as  a  Function  of  Mirror  Displacement  in  the 
Michelson  Interferometer.  The  entire  mirror 
translation  is  shown. 


Figure  10b. 


210  230  250  270  290  310  330  35P 

INTERVAL  COUNT  POSITION 

Largest  Variation  in  the  DLR  Signal  from  the 
Interferometer  Occurs  at  Approximately  Inteirval 
Count  Position  260. 
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Figure  11.  Distribution  of  Interval  Counts  Obtained  from  the 
Interferometric  DLR  Signal.  The  average  count  of 
3354  is  obtained  with  a  ±BESE  of  ±19. 


The  sampling  interval  is  based  on  the  HeNe  laser  wavelength  of 
1.265( 10'^)cm.  A  level  transition  in  the  DLR  signal  occurs  on 
every  second  positive  zero  crossing  of  the  laser  fringe. 
Therefore,  a  factor  of  two  must  be  introduced  for  a  correct 
sampling  interval.  The  average  tic  is  3354  for  the 
interferometer  scan  shown  in  Figures  10  and  11.  The  time  base  of 
the  oscillator  clock  is  14.76285  ns.  The  factor  of  two  in  the 
denominator  of  equation  1  occurs  since  the  optical  retardation  of 
the  Interferometer  is  twice  the  mirror  velocity.*  The 
distribution  of  the  tic  is  shown  in  Figure  11.  Approximately 
two- thirds  of  the  tic  fall  within  ±19  counts  of  the  average  tic, 
3354.  Calculation  of  mirror  velocity  with  equation  1  for  eight 
sequential  interferometer  mirror  scans  is  tabulated  in  Table  2. 

A  mirror  velocity  of  1.277  cm/s  with  a  variation  of  ±0.5%  is 
found.  This  velocity  is  consistent  with  the  reported 
specification  value  of  1.25  cm/s.* 
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Table  2.  Interferometer  Mirror  Velocity 


tic  ±  BESE  (coiints) 


u  +  BESE  (cm/s) 


3354  ±  19* 
3354  ±  18 

3354  ±  17 

3355  ±  17 
3355  ±  16 
3355  ±  18 
3355  ±  16 
3355  ±  16 


1.277  ±  0.007 

1.277  ±  0.006 

1.277  ±  0.006 

1.277  +  0.006 

1.277  ±  0.006 

1.277  ±  0.007 

1.277  ±  0.006 

1.277  ±  0.006 


*tic  plotted  in  Figures  10  and  11. 


The  eight  sequential  mirror  scans  permit  the  determina* 
tion  of  any  repeatable  behavior  in  the  incremental  mirror 
velocity.  Figure  12a  provides  a  plot  of  the  average  intejrval 
count  ±BESE  as  a  fiinction  of  interval  count  position  for  interval 
count  positions  200-300.  The  variation  of  mirror  velocity  across 
the  Interval  count  positions  is  larger  than  the  variation  at  each 
count  position.  This  tends  to  support  the  hypothesis  that  the 
interferometer  mirror  is  controlled  in  the  same  manner  from  scan 
to  scan.  This  repeated  behavior  may  be  due  in  part  to  the  use  of 
a  white  light  source  detection  scheme  to  indicate  the  first  valid 
mirror  position.  The  white  light  source  signal  generates  the 
SSTAT  signal  at  the  same  mirror  location  on  initiation  of  each 
mirror  scan.  The  average  of  8  interval  counts  is  represented  by 
a  blank  space.  This  blank  space  is  bracketed  by  vertical  bars 
representing  ±BESE.  Figure  12b  is  a  plot  of  the  average  of 
8  interval  coimts  ±BESE  for  the  entire  mirror  scan.  The  blank 
spaces  of  the  average  interval  count  are  connected.  These  blanks 
sweep  out  an  area  from  the  plot  of  the  average  interval  count 
±BESE.  The  individual  interval  count  variation  from  scan  to  scan 
is  approximately  ±15.  However,  the  overall  Interval  count 
variation  in  the  first  half  of  the  mirror  scan  is  about  twice  as 
large  as  the  second  half  of  the  mirror  scan.  This  overall 
variation  in  the  first  half  of  the  mirror  scan  is  approximately 
±65  counts,  which  is  approximately  four  times  larger  than  any 
variation  at  any  particular  interval  count  position. 
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Figure  12a. 


Scan-to-Scan  Repeatability  is  Shovm.  For  eight 
sequential  mirror  scans,  the  average  interval 
count  and  ±BESE  (i.e.,  blank  space  bracketed  by 
two  vertical  lines)  at  a  particular  interval 
count  position  are  plotted. 


Figure  12b. 


0  0.2  0.4  0.6  0.8  1.0  1.2  1.4  1.6  1.8  2.0 

INTERVAL  COUNT  POSITION 
(THOUSANDS) 

Scan-to-Scan  Repeatability  over  the  Entire  Mirror 
Displacement  Shows  Twice  as  much  Variation  in  the 
First  Half  of  the  Mirror  Scan  as  Opposed  to  the 
Second  Half. 
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CONCLUSIONS 


Sufficient  information  has  been  supplied  to  construct  a 
time  interval  analyzer  (TIA)  and  to  perform  the  initial  TIA 
testing  with  a  signal  generator.  Documentation  is  provided  on 
all  circuitry  and  programs  that  are  implemented  in  the  TIA. 
Selection  of  the  IBM/PC-XT  circuit  card  format  can  facilitate 
integration  of  the  TIA  into  a  Fourier  transform  infrared  (FTIR) 
spectrometer,  which  operates  in  a  high  vibration  environment. 

The  TIA  has  measured  an  interferometer  mirror  velocity  of 
1.277  cm/s,  which  compares  well  with  the  reported  value  of 
1.25  cm/s.  The  ±0.5%  variation  in  the  mirror  velocity  is  less 
than  the  ±2%  variation  cited  in  reference  2.  The  ±2%  variation 
can  be  responsible  for  a  significant  decrease  in  the 
Interferogram  slgnal-to-noise  ratio. 

There  are  two  potentially  useful  Improvements  to  the 
TIA.  First,  a  more  accurate  measure  of  time  intervals  is 
possible  by  use  of  interpolation.  Interpolation  can  reduce  by  a 
factor  of  200  (i.e.,  tens  of  plcosec  time  resolution)  the  maximum 
inherent  count  uncertainty  value  of  two  oscillator  clock  cycles. 
The  count  uncertainty  occurs  due  to  the  asynchronous  relation 
between  the  OLR  signal  and  the  oscillator  clock  time  base.  The 
necessary  circuitry  for  interpolation  consists  of  a  constant 
current  source,  a  small  capacitor,  a  sample/hold  circuit,  and  an 
analog-to-digital  converter.  The  capacitor  voltage  that  is  read 
with  an  analog- to-digltal  converter  is  directly  proportional  to 
some  fractional  oscillator  clock  cycle. ^  A  second  consideration 
is  the  ability  to  input  the  helium-neon  (HeNe)  laser  reference 
signal  in  the  analog  form.  The  ability  to  handle  the  analog 
signal  is  desired^le,  since  many  commercial  FTIR  spectrometers 
provide  laser  Indexing  in  the  analog  format.  This  requires 
impedance  matching  the  input  signal  to  the  appropriate  voltage 
ccxnparator.  The  voltage  comparator  must  possess  sufficient  speed 
to  provide  an  oscillation  free  representation  of  the  HeNe 
sinusoidal  zero  crossings. 
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APPENDIX  A 

PROGRAM  LISTING  1.  TICOUNT.C 


/*  TICOIWT  ^rofrM  •/ 

CollittI  tla*  (Rttnril  eemtt  V 

frwldti  eiipliy  data  V 

/a.......... - 

finelud*  <gat«brd.h> 
llnelatfa  <atdlo.h> 
flnelttda  <dea.h> 

/•  etOBALS  •/ 
riLt  *hl_l8» 

unalqnad  int  parled_hl(1024]  i  /*  PtJtlOO  HtCM  SAMPLES  */ 

unal9i»ad  Int  paried_le(  1034)1  /*  PHIlOO  LOW  SAMPLES  •/ 

unal^nad  Int  data^takant  /a  oxia  TAKEN  QUALIPIEN  •/ 

unalgnad  Int  aaa_aaanu«_lot  /a  HAXXmm  SAMPLE  KUM0EK  •/ 

unal^nad  Int  aax.aaamua.hit  /*  MAXtHUN  SAMPLE  NUHBEK  •/ 


/ataaaaa 

/•KAINO 

/aaa**** 


*/ 

*/ 

V 


nain() 

(/*  MAIN  LOOP  a/ 

Int  Itaratai  /a  ITENATION  POB  TEST*/ 

Int  parforai  /a  PEMPONKANCS  INDICATOMa/ 

Int  optIon_eheIcat  /*  PtiNCTJON  CAKNIEN  */ 

Itarata  -  1|  /a  g^x  POM  PAILURE  4  ITERATION*/ 

vhtla(ltarata)  /*  CONTINUE  TILL  INITIATE  IS  CORKECT  •/ 

parfen  -  Inlt()i  /a  initiate  I  CHECK  POR  CORRECT*/ 


i(|parron  •-  TRUE)  /•  INITIATE  IS  CORRECT  */ 

itarata  -  PALSEl  /‘KILL  ITERATION*/ 
prints (•BOARD  INIT  SUCCES8l\n*) I 


1 

printf("Gata  board  INIT  PAILUREl\n”) j 


prlntfC\nTo»Cat»B  CATE  BOARD  TEST  UTILITT  vl.0\n")r 
optlon_eholea  •  'L'l  /‘SET  PON  COMMAND  PERPORM*/ 

/‘SELECT  AN  OPTION  I  MAKE  UPPER  CASE*/ 

whIla(optIon_ehelco  !•  »x*)  /*co  TILL  X  SELECTED*/ 

aptIon_eheIea  -  touppart  plelc_lt_out ( ) ) i 

/•  EXECUTE  OPTION  AND  INDICATE  OUTCOME*/ 
parfom  •  axacata(optlonjcdiolea)  i 

lf(p*rforN  TRUE)  /*  the  OPTION  SELECTED  HAS  PERFORMED*/ 

prints ("OKINn") f  /*  INDICATE  SUCCESS  */ 

) 
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> 

printf  (*Progr«M  t«niinat«<ll\n") ; 
> 


/*••***«.******••••••••••*•••*••«*••/ 

/•INITO  •/ 

/•*••••*•••••««•*••••*«*«•••••••••••/ 

Int  initO 

(/•IHITIALIZATION  BOUTIKE*/ 

Int  p«rforMf  /•PERFORMANCE  INDICATOR*/ 

int  Stat;  /•COMPARISOia' HOl£ER*/ 

stat  «■  inp(STATUS)S  HHFF;/*  GET  THE  OVERFLOW  STATUS  */ 

i£(Btat  —  FALSE) 

{  /*  AN  FULL  FLAG  (0)  INDICATES  SUCCESSFUL  INPUTS  •/ 

par fora  -  TRUE;  /*  INDICATE  SUCCESS  */ 

data  takan  -  FALSE;  /•  PRESET  TO  INDICATE  NO  DATA  •/ 

) 

alaa 

{  /*  NO  INPUT  SAMPLEINC  •/ 

printf ("INIT;  NO  INPUT  TOGGLE,  SUSPECT  DISCONNECTED  INPOT!\z*); 

parfora  -  FALSE;  /*  INDICATE  FAILURE  */ 

) 

parfora  •  TRUE;  /*»»»»»»»»»>»»»DU>!MY  SUCCESS  */ 

ratum ( parfora) ;  /•  RETURN  INDICATOR  •/ 

) 

/*  PICK  IT  OUTO  •/ 

/•  ■  ”  •/ 

/•  OPTION  SELECTION  ROUTINE  */ 

/***«***«««******a*aa**«a.*«***/ 

Int  pick  it  out() 

( 

int  aalaction:  /*RESPONSE  HOLDER*/ 

sida  Bhow();  /*PDT  UP  A  MENU*/ 

aalaction  ■>  gatch();  /*HAX£  RESPONSE*/ 

ratum(salaction) ;  /*RETURM  SELECTION*/ 

) 

/*•«**•••*•••**••«•••«•••••«•*#/ 

/•  SIDE  SHOH()  */ 

/*  ~  V 

/*  MEND  GENERATION  ROUTINE  •/ 

aida_ahow(} 

I 


printf (”\nSalact  LETTER  for  tha  fvtnction  daairadl\n\n*) ; 

printf ("XtA  ->  ANALYZE  DATAl\n«); 

printf ("\tD  ->  DISPLAY  DATAI\n"); 

printf ("\tF  ->  FILE  0ATAl\n"); 

printf ("NtG  »>  GATHER  0ATAi\n”); 

printf (■\tP  ->  POLE  I/O  LOCATIONS i\n"); 

printf ("\ts  ->  SWEEP  I/O  LOCATIONS I \n" ) ; 

printf ("NtX  ->  Exit  prograaXnVn") ; 

) 


. . ***********************/ 

/*  POLE  1T()  •/ 

/*  V 
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unsignsd  int  p«rforn: 
unsigned  int  holder; 

while  {KtohitO— FALSE) 

{ 

holder  >  IKMASX; 
holder  t-  inp(5TATOS) ; 

switch 'holder) 

I 

default: 

/•  printf ("Statue  ->  %x\n" .holder) ;*/ 

breaX:  * 

) 

) 

per fora  -  TRUE; 
return (perf ora) : 

) 


/«***•**.•*••«•*•**«*.•«••*••*••*«*•/ 

/*  SHOW_IT()  •/ 

/*  Gather  and  display  data.  V 

. '/ 


/*  PERFORHAMCE  IKLICATOR  •/ 

/"  MANIPULATION  VARIABLE  •/ 

/*  MANIPULATION  VARIABLE  •/ 

/*  TIMER  VARIABLE  •/ 

/*  OOONTER  VARIABLE  */ 

/•  SET  UP  FOR  SYNC  DISCRIMINATION  »/ 

/*  RESET  FIFOS  AND  LOOP  •/ 

/•  RESET  THE  FIFOS  */ 

/•  SET  UP  FOR  SYNC  DISCRIMINATION  •/ 

/*  RESET  FIFOS  AND  LOOP  •/ 

/*  RESET  THE  FIFOS  •/ 

/•  SET  UP  FOR  SYNC  DISCRIMINATION  •/ 

for  (ecan>0;scan<SAMFL£  PTS.'sean^-f)/*  GET  EACH  SCAN  •/ 

( 

statue  -  inp(STATOS)  k  HLFE;  /*  HIGH  PERIOD  LOB  BYTE  CHECH  •/ 
for  (tiaeout*^  BTHN  SCANS;  (tiaeout>0)S((etatue"0)  itiaeout—)  /*  TIME  BETWEEN 
{  ^  ”  /*  WAIT  FOR  COR 

Statue  -  inp (STATUS) 4  HLFE;  /•  GET  AND  MASK  STATUS  •/ 

) 


int  show  lt() 

{ 

int  perfora; 
unsigned  int  status: 
unsigned  int  holder: 
unsigned  int  tiaeout; 
unsigned  int  scan; 

statue  •  inp(B  STAT) ; 
while ( (status  4  SYNC)  •—  SYNC) 
( 

outp( RESET, DUMMY) ; 
statue  ■  lnp(B  STAT) ; 

) 

while ((status  4  SYNC)  «-  0) 

{ 

outp( RESET, DUMMY) ; 
status  ■  inp(B_STAT); 


if (tiaeout  >»  0) 

{ 

printf ("Tiaeout 
) 

else 

( 

per iod_hi [ scan ] 
period  hi [scan] 

1 


/•  INDICATE  TIMEOCT  ERROR  */ 
on  HIGH  PERIOD  readlSCAN->%d\n".scan) ; 

/•  DATA  IS  READY,  GET  IT  */ 

-  inp(R_HH)  «  «;  /*  GET  THE  HIGH  BYTE  AND  PLACE  IT*/ 

1-  inp(R_HL);  /•  MASK  IN  LOWER  BYTE  •/ 


status  -  inp(STATUS)  4  LLFE;  /•  LOW  PERIOD  LOW  BYTE  CHECK  */ 
for(tiBeout»T_BTWN_SCAHS; (tiBeout>0)44(status««0) ;tiaeout — )  /*  TIME  BETWEEN 
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lf(tla«OUt  —  0)  /•  IKDICATE  TIMEOUT  ESBOR  */ 

I 

prlntf <"Tlai»out  on  low  PERIOD  r«adl\n"); 

) 

•  la*  /*  DATA  IS  READY,  GET  IT  */ 

( 

pvrlod  loCaean]  •  lnp(R  LK)  «  •;  /•  GET  AMD  PLACE  THE  HIGH  BYTE 

p*riod“lot*e«n]  1-  inp(R  IX);  /•  MASK  IM  LOWER  BYTE  •/ 

1 


) 

data_tak*n  ••  TRUE; 
printEC’Scan  Compl*t«l Xn") ; 
) 


•/ 


/•  SWEEP  IT()  •/ 

/•  ~  V 

/*  COMTIHUOUSLY  BEAT  ON  I/O's  */ 

/.*«••«*•*****•*«•«.*••<•*•«**.*••«•/ 

int  sw**p  it(} 

< 


unsigned  int  parEorm; 
unsigned  int  holder: 

holder  >  0X300; 

while  (kbhit  ( )  —FALSE) 

{ 

for (holder  -  0x300 ;hold*r«}x308:hold*r++> 
( 

perfora  ••  inp (holder); 

) 

) 

perfora  >  TRUE; 
return (perf era) ; 

» 


/*  DISPLAY  IT()  V 

/•  “  V 

/*  Show  the  data!  */ 


int  display  it(} 

( 

unsigned  int  per fora; 
unsigned  int  scan; 

for (scan  ■  0;scan  <  1024;scan++) 

( 

printf ("period  td  low->%x\n",scan,p*riod_lo(scan)) ; 
printf ("period  %d  hi->%x\n", scan, period  hi{scan]); 

) 

per fora  ■  TRUE; 
return(perfora> ; 

} 


/•  FILE  IT{)  V 

/*  V 

/•  File  the  data!  */ 

/**...•-*«*•«*«—*•****-•*.**•/ 
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unsi9n«d  Int  count; 

Int  radix; 
char  buffar(20]; 
char  buifar_lo(71 ; 
char  bufJar^hltT) ; 
char  *to_har«; 

if(analyta  ItO—tTRUE) 

{ 

if((hi  lo  ••  fopan("a:info.dat","w") )“•  NULL) 

{ 

printf (•FILE_lT:Fila  opart*  arrorJ\n*) ; 
par  fora  FALSE; 

) 

alaa 

< 

radix  10; 

count  »  sprintf (buffar,"%d\n",aay  aaanua  lo) ; 

count  -  fwrita(buffar,l,6.hi_lo) ;~  "  /•  write  TO  THE  FILE  •/ 

for(acan  -  l;acan  <  max  aaanua  lo;acan^) 

( 

count  ■  aprintf  (buf  far_lo,*%d*,pariod_lo(.«can]) ; 
count  ■  aprintf  (buffar~hi,"%d\n",parlod_hitacan))  ; 

for(count  ■  0:count  <  iscovnt**) 

I 

buffar[count]  >  buffar  lotcount] ; 

> 

far(count  «  S;count  <  io;count-M') 

I 

buffar (count]  >  0x20; 

) 

for(eount  ■  0:count  <  7;count-M-) 

( 

buffarteount  10]  >  buffar  hi(count]; 

) 

buffar(15]  a  OxOd; 
buffarCK]  -  Oxoa; 

count  -  fwrita (buffar,  1,17, hi  lo) ;  /*  WRITE  TO  THE  FILE  */ 

) 

) 

if (hi  lo  -a  NULL) 

( 

printf("Fila  navar  opanadl\n"); 

) 

alaa 

< 

fcloaa(hi  lo) ; 
printf(«PILE  CL0SEDl\n"); 

) 

parfora  ■  TRUE; 

) 

alaa 

( 

printfCFiLE.IT: Analysis  failuratXn”) ; 
parfora  »  FALSE; 

) 

return (parfora) ; 

) 


/ 


'/ 
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Int  anslyxa  lt(} 

( 

unalqnad  Int  parfonti 
unsl9n«d  int  scan; 
unslgn«4  Int  lockout  hlr 
unalgnod  Int  ioekout~loi 
unsignad  int  sin  aaapl  hit 
unalgnad  int  aax'aaapl'hi i 
unaignod  int  ain^aanpl^loi 
unsigned  int  Mx'saapl'lo; 
unsignod  int  Mx'sean  hit 
unsigned  int  aax^sean'lot 
unsigned  long  ■ean_l)i7 
unsigned  long  aean'lot 
unsigned  long  runsue_hi; 
unsigned  long  runsua~lot 

if  (data  taken  miE) 

( 

nax_saBnua  hi  ••  0i 
lockout_hl“-  FALSE; 

»«k_ea»pl_hl  -  period  hl(0]» 
aln_saepl_hi  -  period~hi(0] ; 
runsuB_hl  -  (unslgned~long}period_hi(0} ; 

for(sean  -  IMacan  <  1024) **{lockout_hl— FALSE)  iscan*-) 

mnau«_hi  (unsigned  long)period  hitsean); 

if {(perlod_hi(scan]  <  ■in_sa»pl_hiTc«(period_hi[scac}  I-  0)) 

■in_saepl_hi  •  perlod_hi[sean] r 

else 

( 

if(period  hl(sesn]  0) 

« 

Bax_sa«nua_hi  •  scan; 

lockout_hl  -  TRUE;  /•  BLOCK  OUT  FURTHER  SCARS  «/ 

else 

( 

if (period  hl(scan]  >  xax  saapl  hi) 

( 

xax_sa«pl_hi  -  perlod_hi(ecan] ; 
xax  scan  hi  >  scan;  ~ 

» 

) 

) 

) 

If (scan  —  1024) 

( 

Bax_BaBnuB  hi  -  1024; 

) 

Bax_saBnua_lo  >  0; 

lockout^lo~«  FALSE; 

Bax_eaapl_lo  -  period  10(0); 

ain_saapl_lo  ■  period~lo(0] ; 

runsua_lo  -  (un8igned~long)period_lo(0] ; 

for(Bcan  -  l;(scan  <  1024)(((lockout_lo»FALSE,  .scan-f^) 


APPENDIX  A 


38 


Bin  Baspl  Xo  *  period  Xo(sc«n]i 
1  ~  ~ 

( 

lf(p«rlod  Xo(scan]  •>  0) 

( 

B«x  saBnua  Xo  >  scan; 

Xockout  Xo“-  TRUE;  /•  BlXXrX  OUT  FURTKES  SCANS  */ 

) 

aXaa 

! 

lE(p«riod  Xo(Bcan]  >  aax  aaapX  Xo) 

{  ■  ~ 

Bax_aaBpX_Xo  >  parlo<)_lo(acan] ; 

MX  scan  To  -  scan; 

) 

) 

» 

> 

if (scan  X024) 

( 

sax  saanua  Xo  -  1034; 

) 

asan_hi  ••  runsua_hi/ (unslgnad  lon9)MX_saanua_,hl ; 
aaan_Xo  •  runsua^Xo/ (unsignad  Xonq)MX~saanua2Xo: 

prin^f ( "Maxlaua  saapls  LOW  >  %x  at  td\n*,Mx_saapl_Xo,aax_acan_io) 

prlntf ("Mlnlaua  saapXs  loh  ■  %x\n*,ain_saapX_lo) ;  ~ 

printf (•Maxiaua  saapls  MI  -  %x  at  »d\n*,MX_saapX_hl ,aax_scan_hl )  : 

printf ("Miniaua  saapls  HI  ■  %x\n\n*,ain_saapl_hi)T 

printf ("Maxiaua  nuabsr  of  HI  saBpXss->%d\n*,aax_saanua_hi) ; 

printf ("Maxiaua  nuabsr  of  VO  saapXss->ld\n",aax3saanua3lo) ; 

printf("MEAN  of  HI  saapXsS'>%Xd\n*>asan_hi) ; 

printf ("MEAN  of  LO  saapXss->%Xd\n*,asan2xoi ; 

psrfora  -  TRUE; 

» 

sXss 

< 

printf ("Ho  DATA  TAXENl\n"); 
psrfora  >  FALSE; 

I 

rstum (psrfora)  ; 

) 


/♦EXECUTE (FEATURE)  •/ 

/•EXECUTE  SELECTED  FEATURE  •/ 

int  cxscuts(fsaturs) 
char  fsaturs ; 


{/♦PERFORM  FEATURE  DESIRED*/ 

int  validity;  /•VALIDITY  INDICATOR*/ 

validity  -  TRUE:  /‘DEFAULT  TO  TRUE*/ 

switch (fsaturs) 

(/•PICE  AND  PERFORM*/ 

CASit  ^  • 

/*  DISPLAY  DATA  */ 

validity  -  anaXyie_it() ;  /*  SEPARATE  DATA  INTO  CATAGORIES 
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validity  -  di8play_lt{) j  /•  CRAB  AMD  DISPLAY  •/ 

braaki  ~ 

casa  'F'; 

/*  FILE  THE  DATA  •/ 

validity  -  fila_it();  /•  FILE  THE  DATA  •/ 

braak} 

caaa  'C': 

/•  GATHER  AMD  DISPLAY  DATA  •/ 

validity  -  8hOW_it()s  /•  CRAB  AMD  DISPLAY  •/ 

braak; 

casa  'P': 

/*  POLE  THE  I/O  LOCATION  */ 

validity  -  pola_it():  /*  COMSTAMTLY  CHECK  StATUS  •/ 

braak;  ~ 

casa  'S': 

/*  SHEEP  THE  I/O  LOCATION  */ 

validity  -  swaap^itO;  /•  SWEEP  THHOOCH  THE  I/O  LOCATIONS  •/ 

braak;  " 


casa  'X'; 

printfCSay  Byal\n“); 
validity  <•  TRUE; 
braak; 


dafault: 

/•INVALID  SELECTION*/ 
validity  «  FALSE; 
braak; 

) 

ratum(validity) ; 

> 
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. . . . . . . 

/*  C«t«  Bo«r(S  Mflnitlon  H*«d«r  Fll*  •/ 


fdwflna 

TRUE 

0X01 

/* 

ASSIGN  TRUE  A  VALUE 

fdaflna 

FALSE 

0x00 

/• 

ASSIGN  FALSE  A  VALUE 

f dal in* 

OH 

0X01 

/• 

On  valua  (LOiOlc  Trua) 

Idafina 

OFF 

0X00 

/• 

Off  valua  {Loqlc  Falsa) 

fdaf ina 

IHMASK 

OxFF 

/• 

NO  MASKING  •/ 

Idafina 

OEF  ADOR 

0X300 

/• 

Oafault  Baaa  10  Addrasa 

Idafina 

oum 

0X00 

*/• 

DUMMY  VALUE  •/ 

Idafina 

T  BTWM  SCANS  0x«0 

/• 

COUNTS  BETWEEN  SCANS  •/ 

Idafina 

SAKPLE_PTS 

1024 

/• 

1024  SAMPLE  POINTS  •/ 

/*  I/O  lOCATIOHS  •/ 


*daf Ina 

R  IX 

OEF 

ADOR 

Idafina 

R  LH 

OEF  ADOR 

♦ 

1 

Idafina 

R  HL 

DEF-ADDR 

♦ 

2 

Idafina 

R  HH 

def”ador 

♦ 

1 

Idafina 

RESET 

DEF*A0DR 

♦ 

4 

Idafina 

STATUS 

DEF~AODR 

♦ 

5 

Idafina 

B  STAT 

DEF. 

_ADOR 

♦ 

« 

/•  BIT  DEFINES  •/ 

Idafina 

LLFF 

0X01 

Idafina 

LLFC 

0x10 

Idaf ina 

LNFF 

0X02 

Idafina 

LHFE 

0X20 

Idafina 

KLFF 

0x04 

Idafina 

HLFE 

0X40 

Idafina 

KHFF 

0x08 

Idafina 

HHFE 

oxao 

Idafina 

SYNC 

0x01 

/•  READ  UJWm  B¥Tt  tOV  SIDE  •/ 
/•  READ  HICK  BYTE  LOW  SIDE  •/ 
/•  READ  LOW  BYTE  HIGH  SIDE  •/ 
/•  READ  HIGH  BYTE  HIGH  SIDE  •/ 
/•  RESET  ALL  FIFOS  •/ 

/•  FIFO  STATUS  V 
/*  BOARD  STATUS  •/ 


/•  LOW  BYTE  LOW  SIDE  FIFO  FULL  •/ 

/•  LOW  byte  low  side  FIFO  EMPTY  •/ 
/•  HIGH  BYTE  LOW  SIDE  FIFO  FULL  ♦/ 
/•  HIGH  BYTE  LOW  SIDE  FIFO  EMPTY  •/ 
/•  LOW  BYTE  LOW  SIDE  FIFO  FULL  •/ 

/•  LOW  BYTE  LOW  SIDE  FIFO  EMPTY  •/ 
/•  HIGH  BYTE  LOW  SIDE  FIFO  FULL  »/ 
/*  HIGH  BYTE  LOW  SIDE  FIFO  EMPTY  •/ 
/•  SYHC  ACTIVE  IHDICATOR  */ 
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TITLE  CXTEBOAEO  Int»rftc«  pal 

PATTERN 

REVISION  001 

AUTHOR  C.T.  (TCNICAT)  Cathay 

COMPANY  Trl  Sqamtm  Taehnieal  Barvicaa 

DATE  21  MARCH  ItSl 

MIP  STO  lO  PAL16LR 


;  PINS 

1 

3 

3 

4 

S 

6 

7 

B 

9 

/SEL 

AO 

A1 

A3 

A3 

A4 

PIN? 

PINS 

P1N9 

:PIHS 

11 

13 

13 

14 

IS 

IS 

17 

IS 

19 

PINll 

/RDLOL 

/ROLOU 

/ROHIL 

/RDHXU 

/STATUS 

/RSET 

PINIS 

/DATA 

EQUATIONS 


/ROLOL  READS  THE  tO  COUNT  LSB 
RDLOL  -  BEL  *  /AO  •  /A1  ♦  /A2  •  /A3 
RDLOL.TRST  -  VCC 

/ROLOU  READS  THE  LO  COUNT  MSB 
ROLOU  -  BEL  •AO  *  /A1  •  /A2  *  /A3 
ROLOU.TRST  -  VCC 

I  /ROHIL  READS  THE  MX  COUNT  LSB 

ROHIL  -  SEL  •  /AO  •  A1  •  /A2  •  /A3 
ROHIL. TRST  -VCC 

:  /ROHIU  READS  THE  HI  COUNT  MSB 

RDHIU  -  SEL  •  AO  •  A1  •  /A2  •  /A3 
RDHIU.TRST  •  VCC 

;  /RSET  RESETS  AU.  THE  EtEOS 

RSET  •  SEL  •  /AO  *  /A1  •  A2  •  /A3 
RSET. TRST  -  VCC 

;  /DATA  ENABLES  CCNOIUMICATXOM  NXTR  EXPOS 

DATA  -  SEL  •  /A3 
DATA. TRST  -  VCC 

;  /STATUS  ENABLES  STATUS  CHECK  OE  EXPOS 

STATUS  •  SEL  •  AO  •  /A1  *  A3  •  /A3 
STATUS. TRST  •  VCC 

SIMULATION 

TRACE  ON  AO  A1  A2  A3  SEL  RDLOL  ROLOU  RIHIIL  ROHXU  RSET 
DATA  STATUS 

SETE  /AO  /A1  /A2  /A3  SEL 

SETE  AO  /SEL 

SETE  SEL 

SETE  A1  /AO  /SEL 

SETE  SEL 

SETE  A1  AO  /SEL 

SETE  SEL 

SETE  A2  /A1  /AO  /SEL 
SETE  SEL 

SETE  A3  /A1  AO  /SEL 
SETE  SEL 
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SETF  A3  /Ki  /XI  /XO  /SEL 
SETF  SEL 
SETF  XO  /SEL 
SETF  SEX. 

SETF  A1  /XO  /SEL 
SETF  SEL 
SETF  XI  XO  /SEL 
SETF  SEL 

SETF  X2  /XI  /XO  /SEL 
SETF  SEL 

SETF  X2  /XI  XO  /SEL 
SETF  SEL 

SETF  X3  XX  /XO  /SEL 
SETF  SEL 

SETF  A2  AX  XO  /SEL 

SETF  /X3  /X2  /XX  /XO  /SEL 
SETF  SEL 

TRACE  OFF 
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Blank 
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APPENDIX  B 

PROGRAM  LISTING  2.  TICOUNT.BAS 


100  MM  HC(304SI  .LCdOOtl 

103  rSlMT  'Enttr  m  cpttan 

lOS  rillTT  '  1  lnltl*Ux«a  tb«  riFOt' 

UO  mrt  ‘  3  rt*4a  tk*  FirOa’ 

130  FMR  '  3  ttvai  itn|t«  parloO  data' 

130  fOirr  '  4  analjrtaa  cln|la  aean  data 

140  FttIT  '  S  aavat  raalduala  (er  atnlta  aean' 

ISO  miirr  *  t  laada  ainfta  aean  period  data' 

100  miVT  '  3  exUa  pro|raa' 

300  IKTUT  '  Enter  aelaetlon 

310  01  t  OOSOB  0000.3000,3000.3000.0000.7000,340 

330  CLS 

330  OOTO  105 

340  EKD 


3000  . . . 

3010  '  Bead  data  Irea  FIFOa  and  store  it  in  bi|h/lon  count 
3030  '  arrays. 

3030  '•••••«• let. 

3050  CLS 

3000  FOB  1*0  TO  3:  PBIHT  tllH7ei‘I) ;  tHETT  1 
3070  SUM:  l«0 
3000  mtLE  S« 

3080  KHC«  mp  1708) -.HLC*  ISP (7081 

3100  KC(I}'8HC<3S8«HLe 

3110  LHC*ISP(771);LLC«tMP(770) 

3130  LC(I)*LSC<3S«*UC 

3130  I«I*1 

3140  ST»1SK773) 

3150  IF  ST*15  THE!  SM.O 
3100  WEI8 
3170  TM-1 

3180  PBIMT  'Teralnal  ealua  ':T 
3180  SETOSS 

3000  ••••#<••••#•# tie . . . 

3010  ‘  Save  ran  data  Proa  a  slnfle  scan  of  data 

3030  *  lor  calculation  of  velocity  variation  in  tha  scan. 

3030  'll  ill  I  III  ill . . . I 

St  40  OPES  ‘o' .ai.'Oissv.dat' 

3050  PBirr  SI.T 

3000  Foa  liO  TO  T 

3070  PBIBT  ai.t,cm:'.‘;HClll 

3080  SEXT  t 

3080  CLOSE  41 

3100  BETinta 
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;ggo  . . . . . . . 

Soto  ’  Analirtt  a  ainita  acaa  (er  variation  in  tba  orror 
SOSO  '  valaeitf. 

5050  . . . . . . . . 

5040  . . . . . . . 

5050  '  rinO  tba  •lalaus  anO  Mnimia  valuaa  In  tb* 

5000  . . . . . . . . . 

SOTO  mi.ieiO):  RWR.IICIO):  JIUX«0:  Jini.O 
5000  FOk  1>0  TO  T 

5090  IF  ItUKHCdt  THE>  JUX*!:  RKOI.ICtti 
5100  IF  niKiKd)  TKEV  JHtll.I:  tWIO.RCdl 

sno  am  i 

5150  tauaetOi:  IKia.LCIO):  XIttX.O:  RMIB.O 
5150  FOB  1.0  TO  T 

SttO  IF  LtUKLCd)  raCI  KiaX‘1:  LKAX.LCd) 

5150  IF  LMlliLCd)  TREB  EMIB.I:  ItaB.LCd) 

5160  BEET  1 

SITO  TMAS.mUX:  TKtB.RtnR 
5110  IF  LIUDTXAX  TREB  TiUX>t.K*X 
5190  IF  LKIBITUR  TREB  rinK.t.KtR 

5100  . . 

5210  '  Dataralna  tba  Oiatributien  at  valuaa  In  Ibt 
5220  '  bl|h  and  lorn  pariads  al  tha  data  lat 

5250  . . . 

5240  IL.irrtllUX-LKIB):  IR.tKTdlXAX-RKIXl 
5250  out  EOdRI.LOdLl.lOCdEl.LOCdLl 
5260  FOB  1*0  TO  IR:  RDdl.RmR.Z:  REXT  I 
52T0  FOX  I.O  TO  IL:  LOdl.UtlB.l:  BEXT  I 
5260  FOB  F>0  TO  IB 
5290  FOR  1*0  TO  T 

5500  IF  RCdI.ROtn  TREB  RSCCFl  .MOCtFI  •  1 

5510  BEXT  1 

5520  BEXT  F 

1550  FOB  F«0  TO  IL 

5240  FOB  1*0  TO  T 

5550  IF  LC<ll>l.D(ri  TKEB  LdCIFl.UCITl « 1 
5560  BEXT  1 
55T0  BEXT  F 

5560  . . . 

5500  '  Caleulata  tba  avara|a  valua  and  tha  bait  aatiaata  af 
5400  '  tha  alandard  davlatloa 

5410  4.4..  4  4...  . 

5420  RT>0;  LT<0:  HF<0:  LFvO:  RX<0:  U«0;  TB*0 
5450  FOX  1.0  TO  II;  RF.RDCd)*RF;  BT.ROd) •RDCdl .XT:  BEXT  I 

5440  FOX  I>0  TO  IL:  LF>LDCd)»LF:  LT.LOd) aLOCd) .LT;  BEXT  1 

5450  dT>n/lF:  XL'LT/LF:  AB<(BT«*l.)/2 

5460  FOB  1*0  TO  IH;  RB> (ROd) -BTl adtOdl-BT) 'BDCdl.BB;  BEXT  1 
5470  Oa«SqR(KB/(RF.ll) 

5460  FOB  I.O  TO  II:  LB*  aDd)-«L)v<LOdl -AL)  vLDCdl.LB;  BEXT  1 
5490  OL.SQX(LX/(LF-I)) 

5500  FOB  I«0  TO  IB:  TB.(fl0dl-ATl«(lOd)-AT)4RI»C(I).TB:  BEXT  I 

5510  FOR  1*0  TO  IL;  TB*  <L» dl-ATla  (LOdl-AT)  .LDCdl-TB:  BEIT  1 

5520  DT.SOBITB/tLF.RF-Dl 
5530  . . 

5540  '  Dlaplar  raauUa  of  analraia 

5550  .4. .......a. . . . 

5560  FBIBT  'Avara|a  Rl|h  pariad  valua  *;AT;'  ultb  1£S0  at  ':BH 
5570  FBIBT  'Avara|a  Lav  partad  valua  ';AL:'  with  £339  at  ‘  ;0L 
5560  FAIR  ‘Avaraia  Ovarall  valua  ';Af:*  with  BES9  al  *:ST 
5590  FBIR  '  Oiatrlbutlaa  af  Bl|b  Farlod  Taluaa  * 

5600  FOR  1*0  TO  IB:  FBIR  'HI  pd  val  *:ROd):'  X  ';OCd);  EER  I 

5610  FBIR  *  Dlatributtan  of  Lav  Farlod  Taluaa  ' 

5620  FOB  1*0  TO  IL:  FBIR  'La  pd  val  X  •;lfiCd);  BEXT  I 

5630  Ti.IBXETt:  IF  Tfd'e*  TREB  OOTO  5650 
5640  BETTOR 
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6000  •  III  •••••It  . . . . . . 

6010  '  Stti*  r«fldual«  Iftr  •  InitrltreiMttr  alrrsr  icin 

60 JO  . . . . . 

6090  orci  .•l.’b-.livr««.d<t‘ 

6040  ritllT  «1.T 

6050  m  1»0  TO  T 

6060  «m  •».  LCm-**:’  . 

6070  mT  1 
6080  CLOSE  •! 

6090  RCTOIIK 

7000  . . ......I.. . 

7010  '  Bead  in  a  aaquanllal  tlla  eontaln>n|  ptrtod  counti 

7010  . . . . . . 

7090  OFEl  ‘J' .*1  .‘biiiv.daf 

7040  JKm  il.T 

7090  FOR  :*0  TO  T 

7060  IIIOT  ai.icai  .HC(H 

7076  KEXT  I 

7060  BETUBR 

9000  . . . . . . . 

9010  ‘  tnitiali:t  all  FtFOa 

90J0  . . . . I . . . . 

9090  RST*lKrt77J) ;  ST«1EF(779) 

9040  rtlirr  'statu*  aord  'iST 

9050  betcr;: 


icv.dai 

7 

59  .  59 

54  .  54 
91  .  51 

55  .  95 
99  .  53 
99  .  93 
54  .  54 
52  .  52 

B:\> 


File  format: 
number  of  values  -1 
low  value,  high  value 
low  value,  high  value 


last  low  value,  last  high  value 
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Screen  #1;  Menu 


run 

tnttr  4n  eption' 

I  inttuiu«t  th«  riFOf 

3  r«»4*  ()<•  riFOt 

S  I in|)*  letn  parted  data 

4  analytaa  tlnila  lean  data 

5  lavaa  raaidual*  for  alnfla  acan 
9  leada  alnfla  dean  parted  data 

T  exit*  preiraa 
tntar  lalaetten  r  9 


Screen  #2;  Menu  wfth  results  of  test  file  SSV.OAT 


'M  tnttialtxaf  th#  FlFOa 

2  rtada  tha  FtFOi 

3  ta«at  fln|ta  tean  parted  9ata 

4  analyaai  atnila  dean  data 

5  aaaaa  raatdualt  tar  alnfla  tean 
9  leada  dtn|la  dean  parted  data 

t  axlta  preiraa 
tntar  aalaetlen  >  4 

laarage  lilh  parted  aatue  S3. 375  »ttb  EEH  el  !. <07669 
Avaraia  Lea  parted  valua  53.379  «>tb  BESD  at  1. <07869 
daaraie  Ovarall  valua  93.379  with  BE5P  ef  I.3eo]<7 
Dtdtrtbutten  at  ll|b  Parted  Valuaa 
HI  pd  val  51  X  I 

HI  pd  val  51  X  t 

HI  pd  val  53  X  2 

HI  pd  val  5<  E  : 

Hi  fi  va:  55  X  1 

Stdtrtbutten  of  lea  Period  Taluaa 


La  pd  val 

51 

X 

1 

Le  pd  val 

52 

X 

1 

Lo  pd  val 

S3 

X 

3 

Lo  pd  val 

5< 

z 

2 

Lo  pd  val 

95 

X 

2 
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